Objective: Postsurgical atrioventricular block may complicate surgery for congenital heart defects and is generally considered permanent when persisting longer than 14 days after surgery. In this study, we evaluate the occurrence of spontaneous late recovery of atrioventricular conduction in postsurgical chronic atrioventricular block and discuss its clinical implications.
1
Postsurgical AV block persisting after 7 to 14 days is usually considered to be permanent and is a class I indication for implantation of a permanent pacemaker. 2 Although some retrospective studies have reported late recovery of AV conduction in patients who were considered to have permanent postsurgical AV block, 3, 4 such recovery is generally thought to be exceptional. It is of clinical importance to identify patients in whom permanent pacing could be avoided, however, because permanent conventional ventricular pacing for complete AV block is associated with decreased left ventricular function and an increased risk of heart failure. 5 The main objective of this study was therefore to determine the incidence of recovery of AV conduction after postsurgical chronic AV block and to discuss its clinical implications.
MATERIALS AND METHODS Study Population
All patients with AV block after surgery for congenital heart disease undergone at an age younger than 18 years between January 1, 1993, and November 1, 2010, were retrospectively selected from the database of the department of Pediatric Cardiology of University Hospitals Leuven (Leuven, Belgium). Charts of all patients with either AV block or a pacemaker implanted after surgery were reviewed. Patients with advanced second-degree or complete AV block persisting longer than 14 days after cardiac surgery were included, whereas patients with congenital or preexisting AV block were excluded. From the included patients, the following data were obtained: date of birth, cardiac diagnosis, type and date of surgery after which AV block occurred, and degree of AV block. Follow-up data on patients status were obtained from the (at least) biannual routine visit to University Hospitals Leuven or the referring centers.
Outcome Measures
Advanced second-degree and complete postsurgical AV blocks that persisted longer than 14 postoperative days were considered to represent postsurgical chronic AV block. Late occurrence of postsurgical AV block was characterized by the occurrence of second-degree or complete chronic AV block after the immediate (14 days) postsurgical period in the absence of familial or infectious etiology. Regression from postsurgical chronic AV block either to completely normal AV conduction (PQ time<0.2 seconds) or to asymptomatic first-degree AV block was considered to represent late recovery of AV conduction.
RESULTS

Incidence of Postsurgical Chronic Advanced
Second-or Third-Degree AV Block
Between January 1, 1993, and November 1, 2010, a total of 2850 cardiac surgical procedures with cardiopulmonary bypass were performed in children. From the database, 59 cases (2.1%) were identified in which surgery was immediately complicated by postsurgical chronic AV block of advanced second (n ¼ 4) or third degree (n ¼ 55). Three of these patients died within the postoperative period before discharge but later than 14 days after surgery. These patients were considered to have postsurgical chronic AV block without recovery.
Late occurrence of chronic advanced second-degree (n ¼ 3) or third-degree (n ¼ 3) AV block, without signs pointing to any etiology other than previous surgery, was found in 6 additional patients (0.2%) at 0.4 to 10 years after surgery (median, 5.7 years). Only 1 of these patients with late occurrence of chronic AV block also had transient complete AV block in the immediate postsurgical period after closure of a ventricular septal defect. Summing up, the overall incidence of immediate and late postsurgical chronic AV block of advanced degree was 65 of 2850 (2.3%). The results are schematically represented in Figure 1 .
Among the patients with immediate and late postsurgical chronic AV block, surgery was performed at an age of 0 to 16 years (median, 0.9 years). The various types of surgical interventions resulting in AV block are presented in Table 1 . For each surgical procedure, a risk-percentage is indicated; however, some of these risk-percentages are based on relatively small numbers of patients and have undoubtedly been influenced by chance.
Late Recovery of AV Conduction After Postsurgical Chronic AV Block
Late improvement in AV conduction was observed in 12% of the patients with immediate postsurgical chronic AV block ( Figure 1 and Table 2 ). Four patients (6.8%) showed completely normal AV conduction at 23 days, 11 weeks, 6.8 years, and 7.0 years after immediate postsurgical complete chronic AV block. Regression of postsurgical chronic AV block of advanced degree to asymptomatic first-degree AV block was observed in 3 additional patients (5.1%) at 22 days, 3.1 years, and 6.2 years after surgery. In 2 of the latter patients, even completely normal AV conduction was observed during further follow-up (after 22 days þ 4.6 years and 6.2 þ 1.1 years, respectively). Regression toward normal AV conduction was not observed in the 6 patients with late occurrence of AV block.
Follow-up of Patients With Recovered AV Conduction
Follow-up after recovery of AV conduction varied between 2 months and 7 years (median follow-up was 3.5 years). During follow-up, 1 patient died of Klebsiella sepsis 2 months after recovery of completely normal AV conduction, and 1 patient had a relapse into complete AV block 3.5 years after recovery of completely normal AV conduction. When recovery of AV conduction was recognized, pacemakers were left in situ, and battery longevity was prolonged by adjustment of the pacemaker settings to a backup mode.
DISCUSSION
Postsurgical AV block is usually considered to be permanent if it persists after 7 to 14 days. 2 In 12% of our study population of 59 patients with immediate postsurgical chronic second-or third-degree AV block, however, either complete recovery of AV conduction or regression to asymptomatic first-degree AV block occurred between 3 weeks and 7 years after surgery.
Recovery of AV Conduction After Postsurgical AV Block
It is well known that postsurgical AV block may resolve spontaneously within the first days after surgery. About 50% of postsurgical complete AV blocks will resolve within the first week, and about 63% within 30 days after surgery. 1 The possibility of postsurgical AV block resolving years after surgery, however, is less well recognized.
The first description of very late recovery of AV conduction after complete postsurgical AV block was given in 1976 by Reid and associates, 4 who described a patient with spontaneous reversion to (persisting) normal AV conduction after an interval of 11 years. In the subsequent era of 1976 through 1996, Bruckheimer and colleagues 6 found recovered AV conduction in 32% of 44 patients receiving pacemakers for postsurgical AV block, with a median follow-up until recognition of recovery of 5.5 years (range, 0.1-20 years). The incidence of recovered AV conduction was 21% when only patients with pacemaker implantation later than 14 days after surgery were considered. More recently, Batra and coworkers 3 reported recovery of AV conduction within the first 6 months after surgery in 9.6% of 72 patients with a complete AV block persisting beyond 14 days after surgery. 3 The differences between these studies Abbreviation and Acronym AV ¼ atrioventricular and our own may be explained by the small number of patients in each study, which increases the influence of chance. Moreover, the eras of investigation, the diverse retrospective search strategies and structures of databases, and the slightly varying inclusion criteria are also factors. It might be disputed whether the patient in our series with recovered conduction and relapse into advanced AV block 3.5 years later truly ought to be included with the other 6 patients with recovered AV conduction. If that patient were not counted as a patient with recovered AV conduction, the 11.9% recovery rate would drop to 10.2%.
Onset of Postsurgical AV Block After the Immediate Postsurgical Period
We identified 6 patients of 2850 (0.2%) with late onset of chronic postsurgical AV block, which occurred as late as 10 years after surgery (median, 5.7 years; range, 0.4-10 years). The true incidence of late onset of AV block following surgery, however, is difficult to determine because its discovery at least requires careful follow-up for a lifetime. Furthermore, when conduction disturbances are recognized many years after surgery, it may be unclear whether they are directly related to the surgical intervention. It has been suggested that late onset of AV block is associated with transient AV block in the immediate postsurgical period and with persisting conduction disorders such as left or right bundle branch block 7, 8 ; however, late onset of AV block has also been observed in patients without any history of conduction disorders. 9 In our study, only one of the six patients with late onset of AV block had transient third-degree AV block in the immediate postoperative period.
Avoiding Unnecessary Ventricular Pacing in Patients With Postsurgical Chronic AV Block
Pacemaker implantation improves the outcome of (postsurgical) advanced second-or third-degree AV block. When pacing became available, a significant reduction in mortality from postsurgical AV block was reported. 10 In addition to the obvious beneficial effects of the restoration of heart rate, the unpredictable risk of sudden cardiac death and left ventricular failure associated with untreated complete heart block are treated by chronic ventricular pacing.
11,12
Weindling and colleagues 1 concluded that there is minimal benefit in delaying pacemaker implantation beyond 9 days after surgery, because 97% of the patients who show recovery of AV conduction do so within the first 9 postoperative days. Postsurgical AV block persisting longer than 7 to 14 days is therefore usually considered to be permanent and is a class I indication for implantation of a permanent pacemaker. 2 Without exception, however, ventricular pacing induces an abnormal electrical activation pattern, which may cause adverse mechanical dyssynchrony. Conventional ventricular pacing is associated with impairment of pump function, left ventricular remodeling, and increased risk of heart failure. [13] [14] [15] [16] Because normal intrinsic activation patterns are superior to the activation patterns induced by conventional pacing, ventricular pacing should be avoided (or minimized) in patients with (partially) preserved AV conduction and an intact His-Purkinje system.
5,17
Clinical Implications
Chronic AV block of advanced degree is an important complication of surgery for congenital heart disease. To inform patients and parents adequately about this complication and its prognosis, surgeons and cardiologists should be aware of the possibility of postsurgical AV block regression, even many years after surgery. Moreover, to prevent unnecessary adverse side effetcs of chronic ventricular pacing, we think that it is of clinical importance to identify patients in whom permanent pacing may be avoidable. Raised van Geldorp et al Congenital Heart Disease
The Journal of Thoracic and Cardiovascular Surgery c Volume -, Number -3 awareness of the existence of recovery of AV conduction after chronic postsurgical AV block will therefore also be important for physicians who follow up patients with postsurgical AV block and a pacemaker. In the patient with recovered AV conduction, the ventricular pacemaker should be reprogrammed as a back-up device to avoid adverse effects of unnecessary ventricular pacing and to prolong battery longevity. Because of the potential risk of recurrence of AV block in patients with a history of postsurgical AV block (1 of our patients with recovered normal AV conduction had a relapse into complete AV block 3.5 years later) and because of the clinical importance of a recurrent AV block, it may be best practice to keep the device in situ and to replace the generator if the battery is depleted. It is recommended that cardiologists providing long-term follow-up care of patients with surgery for congenital heart disease should be alert to the issue of late incidence of postsurgical AV block and respond promptly and proactively to suggestive symptoms such as syncope. Cardiologists should undertake heart rhythm monitoring at regular intervals in symptom-free patients, because an AV block that may unexpectedly present many years after surgery is potentially life threatening. 8, 9, 18, 19 
Study Limitations
The retrospective nature of the study is a limitation. In addition, intermittent follow-up means that the exact date of recovery of AV conduction could not precisely be assessed. As in other studies on this subject, the population of our study was too small and too heterogeneous to identify positive prognostic factors for recovery of AV block, such as the underlying defect, surgical techniques, or immediate postoperative period. To permit analysis of predictors for either the occurrence of immediate or late postsurgical AV block or the occurrence of recovery of AV conduction after postsurgical chronic AV block, further research should be performed in larger (multicenter) study populations. Because of the low incidence of chronic postsurgical AV block, prospective studies with large patient numbers are hard to perform.
CONCLUSIONS
In our study population of 59 patients with immediate chronic postsurgical second-or third-degree AV block, either complete recovery of AV conduction or regression to asymptomatic first-degree AV block occurred between 3 weeks and 7 years after surgery in 12% of the patients. To prevent unnecessary adverse side effects of chronic ventricular pacing and to prolong battery longevity, it is important to minimize ventricular pacing by reprogramming the pacemaker as a backup device in patients with recovered normal AV conduction. AS, Aortic valve stenosis; ASD, atrial septal defect; AV, atrioventricular; AVSD, atrioventricular septal defect; D-TGA, dextrotransposition of the great arteries; LVOT, left ventricular outflow tract; PS, pulmonary stenosis; VSD, ventricular septal defect. *Duration of follow-up after recovery is given in parentheses.
